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Development of Mass Spectrometer for Space Plasma Observation and Solar Sys-
tem Exploration
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In the interplanetary space of the solar system, supersonic plasma (solar wind) blowing from the sun is dominant, and each
planet and moon in the solar system is affected by it in its own way. As a result, plasma phenomena such as shock and mag-
netic reconnection are formed in a wide range of parameter space. Thus, the solar system has been treated as a natural” giant
experimental facility for plasma research, an ideal location for in-situ observations by spacecraft. Since the establishment of
spacecraft technology, many spacecraft plasma observation programs have been carried out, and plasma measurement tech-
nology has progressed along with the research of the space plasma, extending the observation area from the near-Earth to the
inner planets and deep space.

In the charged-particle measurement of in-situ plasma observation, it is required to obtain three-dimensional velocity dis-
tribution functions of electrons and ions with appropriate resolution at first. However, solar wind ions contain not only H+
but also He++ and multi-charged heavy ions, although their abundance ratios are small. Therefore, mass spectrometers have
been used in plasma observation programs from a relatively early stage. Plasma observations in the lunar and planetary
neighborhoods have revealed that many kinds of heavy ions are flying around, and the importance of mass spectrometers has
only increased.

In in-situ observations of plasmas, mass spectrometry is first of all important to capture the plasma physics accurately.
Energy analysis alone treats everything as H+, which leads to errors in moment calculations, etc., depending on the ratio
of heavy ions present. It has also been reported that different acceleration and heating occurs depending on the ion species
(mass) in the interaction with the surrounding waves.

The second importance of mass spectrometry is to know the origin of the plasma. In planetary (magnetospheric) obser-
vations, mass information plays a major role in identifying the entry of solar wind plasma into the magnetosphere and the
ejection of planetary plasma into the solar wind region (atmospheric escape).

Here, we introduce the principles of mass spectrometers onboard spacecraft and their scientific results, including KAGUYA
(Moon), BepiColombo/MIO (Mercury), and Arase (Earth radiation belt), in which we have participated from instrument de-
velopment. We are also developing high-resolution mass (isotope) spectrometers to elucidate the age and origin of materials
and the evolution of atmosphere, based on our past development experience. We will introduce mass spectrometers for Mars
Moons eXploration, Comet Interceptor, and LUPEX.
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